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1. Introduction 

The process of determining information usefulness in an efficient manner is crucial 
in settings with high-velocity information exchange such as hospital trauma, stock 
exchanges, or battlefield mission control. Decision makers often overlook valuable 
information because such a large volume is being presented. In these situations, it 
is useful to understand the optimum levels of information that users can process 
without experiencing cognitive overload. Cognitive overload has been widely 
studied in the literature1‒3 and refers to a state where the user is taking in more 
information than they can process efficiently.4 To study this condition more closely, 
the US Army Research Laboratory (ARL) has created a visual analytic tool for 
increasing situational awareness. This tool, which combines nodes with connecting 
links to create a network of associated nodes,5 has been used in multiple fields for 
criminal investigation (fraud detection, counterterrorism, and intelligence), 
computer security analysis, search engine optimization, market research, medical 
research, and art.6 Specifically, ARL is interested in using it for military intelligence 
and social network analysis.7 The links are overloaded in ARL’s version to convey 
the value of the information defining the link. The visual method of overloading is 
done by varying the link thickness according to value such that a thicker link 
represents information with a higher value. 

1.1 Value of Information 

The value of information (VoI) is a metric that computes a likelihood of 
applicability based on metadata of recorded information. Specifically, VoI 
combines source reliability, likelihood that data are true, and timeliness with respect 
to mission.8,9 

1.2 Eye Gaze Tracking 

Eye gaze tracking has been widely used in studies that analyze how humans process 
visual information displays.10 Software can be used to capture and quantify a 
person’s attention and focus, helping researchers to understand user interactions 
and provide awareness of visual stimuli. Consequently, we can determine which 
parameters drive situational awareness. 

1.3 Study Background 

This study aimed to use eye gaze tracking data to identify parameters contributing 
to the findings from our previous crowdsourcing visual analytic experiment.11 In 
that experiment, users were tasked to select the most important node in a link-node 
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diagram. Some users viewed a classic link-node diagram, while others viewed a 
VoI-enhanced link-node diagram in which the thickness of the links was varied to 
convey value. The ultimate goal was to demonstrate that the VoI-enhanced  
link-node diagrams would significantly improve the analyst’s situational 
awareness, while also reducing their mental burden, allowing them to make the best 
decision in the least amount of time. 

While the experiment did bear out some notable differences, it was impossible to 
determine significance due to small sample size. To explore this phenomena 
further, ARL and Towson University collaborated to re-create the experiment with 
the caveat that participants would wear eye gaze tracking hardware. The hypothesis 
was that the eye gaze tracking results would reveal differences in focus and strategy 
that clarify the cause of the significant differences in results between the overloaded 
and normal diagram. 

2. Methods 

2.1 Human Subjects 

This study falls under the ARL internal review board (IRB) Exempt Research 
Determination for Protocol (ARL 18-014), which indicates that it is exempt from 
regulation 32 CFR 219. This is because the data that ARL gathered from Towson 
University were not identifiable information. In addition, ARL 1) was neither 
involved nor interacted with human subjects, 2) provided no temporary services, 
and 3) was not part of the research personnel. Towson University’s IRB found the 
research to be exempt (14-X145) from general Human Participants requirements 
according to 45 CFR 46.101(b)(2), as well. 

2.2 Experimental Setup 

To investigate the effectiveness of its visual analytic tool, ARL researchers 
conducted a crowdsourcing experiment where participants were asked to identify 
the most important node in a link-node diagram.11 Collaborators from Towson 
University’s Department of Computer and Information Science in Baltimore, 
Maryland, recruited 17 computer science students for participation in this 
experiment. Participants were recruited via online solicitation and word of mouth, 
as well as through flyers posted in common areas and distributed in approved 
classrooms (i.e., those in which distribution was approved by a faculty member). 
All flyers were approved by Towson University’s IRB prior to posting. Participants 
were not compensated for their time. Data collection took place in a usability 
laboratory at a time mutually agreed upon by data collectors and participants. The 
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IRB briefed participants about the study and its possible effects. Upon consent, each 
participant received a demographic survey, with questions that included 
occupation, age, gender, primary language, education level, hours spent on the 
computer daily, and data visualization experience. Participants were then directed 
to the Tobii Pro Studio information visualization software, which they were 
required to use to calibrate the eye gaze tracking device. During the calibration 
procedure, the participant was asked to gaze at different points on the monitor. After 
the participant calibrated the eye gaze tracking device and gained and familiarity 
with the interface, they were asked to use the ARL visual analytic tool to answer a 
series of questions pertaining to the different link-node visualizations displayed in 
the interface from the VolunteerScience.com website. The participant answered 
these questions while using the eye gaze tracking device. After the experiment was 
complete, the participant was presented with a post-experiment survey. User bias 
was minimized by allowing subjects to participate in the study only one time. 

Qualified subjects were presented with a sample graph for practice purposes and a 
set of instructions directing them to imagine themselves as analysts studying a  
link-node diagram. The instructions went on to specify that each link incident upon 
a node represents the metric to be maximized, with a thicker line representing a 
more relevant node (Fig. 1). Subjects were required to do the following: 

1) Assess the diagram to discern the node with the greatest degree centrality, 
which was modulated by line thickness in the VoI cases.  

2) Highlight the node via mouse click to indicate that a selection has been 
made. (The selected node was also displayed in a list next to the diagram.) 

3) If unhappy with the selection, press the Reset button to restart the selection 
process. 

4) Once happy with the selection, press the Submit button to record the answer. 

5) Drag the nodes and manipulate the graph to optimally assess the degree 
centrality. 

 

Fig. 1 Link-node diagrams from experiment showing 22% (left), 33% (center), and 66% 
(right) VoI enhancement 
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We hypothesized a significant difference in the accuracy and decision time between 
participants viewing the value-overloaded diagrams and those viewing the normal 
diagram.  

2.3 Data Analysis Methods 

Eye gaze tracking data were collected using Tobii Pro Studio information 
visualization software. This software collects a large number of attributes for an 
eye gaze tracking experiment (the x gaze position, y gaze position, and associated 
timestamp are critical for this study) and it uses the Velocity–Threshold 
Identification (I-VT) Fixation Filter to classify each gaze point as a fixation, 
saccade, or unclassified.12 Fixations are areas in a scene in which gaze points are 
clustered in space and time, and saccades are gaze points that indicate movements 
between fixations. The I-VT Fixation Filter uses the measure of angular velocity to 
classify fixations and saccades, where gaze points below a certain angular velocity 
are classified as fixations and gaze points above that threshold are classified as 
saccades. An angular velocity threshold of 30°/s was used in this experiment.  

Fixation duration measures the length of time that a subject spends examining a 
particular object and can indicate the extent of visual processing needed to interpret 
a scene (for example, fixation duration might signify the length of time typically 
spent looking at a particular node or graph edge). In this study, the maximum 
fixation duration indicates the greatest length of time spent looking at a region of 
the screen.  

Saccadic amplitude measures the angular distance the eye travels during a saccadic 
eye movement. A smaller saccadic amplitude intuitively signifies that a user’s eye 
moved a shorter distance across a visual stimuli before making a decision. In this 
study, saccadic amplitude is used to gauge how much eye movement is needed to 
select the correct node in the graph.  

This study explores maximum fixation duration and saccadic amplitude as they 
relate to the following: 

1) whether or not participants selected the most important node in the graph 

2) each of the graphs examined by the participants 

3) each of the 17 study participants 

4) selection strategy 

5) line thickness 

6) VoI enhancement 
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2.4 Conditions 

To keep the experiment consistent across all conditions, the number of nodes (10) 
was kept constant and the number of links were varied by the graph density 
equation (Eq. 1). This experiment included six conditions: 22%-VoI, 22%-Ctrl, 
33%-VoI, 33%-Ctrl, 66%-VoI, and 66%-Ctrl. The graph density formula calculates 
the density of the graph given a set of nodes and edges. The graph density formula 
is 

𝐷𝐷 =
2 × 𝐸𝐸

𝑁𝑁(𝑁𝑁 − 1)
, (1) 

  

where D is the density of the graph, E is the number of edges in the graph, and N is 
the number of nodes in the graph (N is 10 for all graphs). In this experiment, the 
density was 22% (10 edges), 33% (15 edges), and 66% (30 edges). The initial 
density levels were determined by a perceived level of difficulty.  

3. Results 

This section presents the eye gaze tracking data analysis. Boxplots show the 
statistical distribution of maximum fixation duration and mean saccadic amplitude 
relative to the categorical variables specified in Section 2.3.  

3.1 Maximum Fixation Duration 

The boxplots provided in Fig. 2 show distribution of maximum fixation duration as 
it relates to different categorical variables. Figure 2.1 is the boxplot for maximum 
fixation duration as it relates to whether or not the participant selected the correct 
node. This boxplot shows similar mean and median maximum fixation durations 
for participants who selected both the correct and incorrect node. However, the 
maximum fixation duration for participants who selected the correct node is more 
variable than for those who did not. Both distributions show a few participants with 
abnormally high maximum fixation durations.  
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Fig. 2 Boxplots of maximum fixation duration relative to categorical variables 

Figure 2.2 is the boxplot for maximum fixation duration as it relates to each of the 
graphs examined by the participants. This boxplot shows that, overall, graphs 1 and 
2 have the lowest maximum fixation rate across all participants. Graph 2 has a 
notably higher maximum fixation duration than graph 1, and the graph 2 has a 
median maximum fixation duration similar to graphs 4, 5, and 6. Graphs 2, 4, and 
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6 have wider ranges of maximum fixation duration across all participants and all 
but graph 2 have outliers at higher levels. As it relates to the task, participants 
generally had lower dwell times on the most salient feature in graphs 1 and 3.  

Figure 2.3 is a boxplot for maximum fixation duration as it relates to each study 
participant. This boxplot shows notable differences between the maximum fixation 
duration for each participant. For example, participant 8 demonstrated greater and 
more variable maximum fixation durations for each graph than the other 
participants. This participant used the counting strategy and though given a line 
thickness of 4, selected the correct node in only two of the six graphs, indicating 
that they experienced difficulty performing some of the tasks. 

Conversely, participant 16 had very low maximum fixation durations and selected 
the correct node three out of six times. Even more confounding is the fact that 
participants 7 and 11 had a somewhat similar maximum fixation duration 
distribution, but while participant 7 selected the correct node all six times, 
participant 11 never selected the correct node. 

Figure 2.4 is a boxplot of maximum fixation duration as it relates to selection 
strategy. This boxplot shows some notable differences between each strategy—the 
maximum fixation duration for participants who used best guess varied much less 
than for those who used counting. Participants who classified their strategy as other 
had much smaller maximum fixation durations than those who used the best guess 
and counting strategies.  

Figure 2.5 is a boxplot of maximum fixation duration as it relates to link-node 
density. This boxplot shows that the maximum fixation duration for link-node 
density is somewhat higher at the 66% value. This suggests that graphs with higher 
link-node densities require more visual processing time. 

Figure 2.6 is a boxplot of maximum fixation duration as it relates to VoI 
enhancement. This boxplot shows that in general, enhancing VoI reduces maximum 
fixation duration. In other words, incorporating VoI in the graph can reduce the 
time that it takes for an analyst to select the most influential node. 

3.2 Mean Saccadic Amplitude 

The boxplots provided in Fig. 3 show distribution of mean saccadic amplitude as it 
relates to different categorical variables. Figure 3.1 is the boxplot for mean saccadic 
amplitude as it relates to whether or not the participant selected the correct node. 
There is a slight difference in the results, showing that participants who entered the 
correct node had slightly higher mean saccadic amplitudes and the distribution is 
positively skewed.  
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Fig. 3 Boxplots of mean saccadic amplitude relative to categorical variables 

Figure 3.2 is a boxplot for mean saccadic amplitude as it relates to each of the 
graphs examined by the participants. There are slight differences across the 
graphs—graph 1 has the highest variability in mean saccadic amplitude and the 
median value of graph 2 is slightly higher than the others (but it also has the lowest 
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variability). Overall, the pattern of mean saccadic amplitude as it relates to each of 
the graphs might be influenced by factors such as the graph’s physical layout and 
the distance between important nodes. 

Figure 3.3 is a boxplot for mean saccadic amplitude as it relates to each study 
participant. This boxplot shows notable individual differences in saccade 
amplitude. For example, participant 16 has a wide range of mean saccadic 
amplitude across all tests, with a median that is within the range of other 
participants. This indicates that participant 16 may have had some difficulty 
visually processing some of the graphs. Conversely, participant 14 has a 
consistently low mean saccadic amplitude. Overall, this boxplot highlights major 
differences between participants with respect to how they visually process link-
node diagrams. 

Figure 3.4 is a boxplot of mean saccadic amplitude as it relates to selection strategy. 
The counting strategy has a slightly lower mean saccadic amplitude than the best 
guess and other strategies. This could indicate fewer eye movements from 
participants who used the counting strategy because they likely went from node to 
node to count how many edges go into each node. 

Figure 3.5 is a boxplot of mean saccadic amplitude as it relates to link-node density. 
This boxplot suggests that the mean saccadic amplitude decreases as the link-node 
density increases. This is intuitive, since higher density graphs require fewer eye 
movements to investigate each node. 

Figure 3.6 is a boxplot of mean saccadic amplitude as it relates to VoI enhancement. 
This boxplot shows no clear difference between the two conditions, indicating that 
VoI is a lesser factor in saccadic movements. 

4. Discussion and Conclusion 

This eye gaze tracking study did not reveal any notable fixation differences when 
graph attributes (density, normal, or overloaded links) were modified, which does 
not allow us to conclude any cause for the crowdsourcing results. On the contrary, 
there were notable differences in the fixation times per individual user  
(see Fig. 2.3). Combined with a low user count (17), the inconsistent performance 
of the users may have obscured notable differences due to modifying the graphs.  

Future studies will place greater emphasis on participant training in an effort to 
reduce the variance in performance, thereby decreasing noise and enabling more 
meaningful results. In addition, a wider variety of visual representations such as 
color, line type, or a combination will be considered to better denote the VoI.  
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